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ABSTRACT 



A radar module has an antenna assembly, a plurality of 
transmitting and receiving assemblies, and a plurality of 
circulators all mounted on a dielectric substrate. The antenna 
assembly has a plurality of transmitting and receiving chan- 
nels including respective planar array antenna elements each 
composed of a plurality of patches connected to and spaced 
along a linear distal end portion of a feeder line. The planar 
array antenna elements are arrayed in a direction substan- 
tially perpendicular to the linear distal end portion of the 
feeder line. The transmitting and receiving assemblies, 
implemented as monolithic microwave integrated circuits, 
selectively transmit high-frequency signals to the planar 
array antenna elements and selectively receive echo signals 
from the planar array antenna elements. The circulators are 
associated with the transmitting and receiving channels, 
respectively, and connect the respective linear distal end 
portions of the feeder lines to transmission and reception end 
portions which are connected to the transmitting and receiv- 
ing assemblies, respectively. 

6 Claims, 5 Drawing Sheets 
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FIG. 3 
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RADAR MODULE AND ANTENNA DEVICE 

This is a divisional of application Ser, No. 08/611,665, 
filed Mar. 6, 1996, U.S. Pat. No. 5,724,042. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a radar module and an 
antenna device for an FM millimeter-wave radar alarm 
system for use on motor vehicles. 

2. Description of the Prior Art 

One known motor vehicle radar alarm system has an 
electronically scanning planar antenna array as disclosed in 
U.S. Pat. No. 5,008,678. The disclosed electronically scan- 
ning planar antenna array comprises a plurality of transmit- 
ting and receiving planar antenna elements, a pair of passive 
phased arrays such as planar microstrip Butler matrixes, and 
a pair of electronic switches which are combined to transmit 
and receive a scanning beam. 

The conventional electronically scanning planar antenna 
array is disadvantageous in that the passive phased arrays 
thereof cannot scan a relatively large angular range with the 
scanning beam. Another problem is that the planar antenna 
array requires both a transmitting array of antenna elements 
dedicated to transmitting radar signals and a receiving array 
of antenna elements dedicated to receiving echo signals. 
This imposes limitations on conventional systems which 
make it difficult to reduce the size of the planar antenna 
arrays used therein and, especially difficult to install such 
planar antenna arrays on motor vehicles. 

German laid-open publication No. 4307009 discloses an 
antenna device for a radar module. 

IEEE TRANSACTIONS ON MICROWAVE THEORY 
AND TECHNIQUES, VOL. MTT-26, NO. 1, JANUARY 
1978, shows an MIC Doppler module with output radiation 
normal to the substrate plane. 

Japanese patent publication No. 57-24968 discloses a 
microwave IC case. 

Japanese laid-open utility model publication No. 
1-126714 discloses an antenna device. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a radar 
module and an antenna device which are capable of scan- 
ning a relatively large angular range with a scanning beam 
and which are of a small size suitable for use particularly on 
motor vehicles. 

According to one aspect of the present invention, there is 
provided a radar module comprising a dielectric substrate, 
an antenna assembly mounted on the dielectric substrate, the 
antenna assembly comprising a plurality of transmitting and 
receiving channels including respective planar array antenna 
elements each composed of a plurality of patches connected 
to and spaced along a linear distal end portion of a feeder 
line, the planar array antenna elements being arrayed in a 
direction substantially perpendicular to the linear distal end 
portion of the feeder line, a plurality of transmitting and 
receiving assemblies mounted as monolithic microwave 
integrated circuits on the dielectric substrate, for selectively 
transmitting high-frequency signals to the planar array 
antenna elements and selectively receiving echo signals 
from the planar array antenna elements, and a plurality of 
circulators mounted on the dielectric substrate and associ- 
ated with the transmitting and receiving channels, 
respectively, the circulators connecting the respective linear 
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distal end portions of the feeder lines to transmission and 
reception end portions which are connected to the transmit- 
ting and receiving assemblies, respectively. 

The antenna assembly serves as a primary radiator of a 
defocused multiple-beam antenna. The planar array antenna 
elements are arranged to radiate respective electromagnetic 
waves at a predetermined tilt angle, the offset multiple -beam 
antenna having a secondary radiator positioned closely to 
the primary radiator. 

According to another aspect of the present invention, 
there is also provided a radar module comprising a dielectric 
substrate, a plurality of planar array antenna elements 
mounted in respective channels on the dielectric substrate, 
and a plurality of monolithic microwave integrated circuits 
mounted on the dielectric substrate, the monolithic micro- 
wave integrated circuits including a plurality of transmitting 
assemblies for amplifying and supplying respective high- 
frequency signals to the planar array antenna elements, 
respectively, and a plurality of receiving assemblies for 
receiving echo signals from the planar array antenna ele- 
ments and mixing the echo signals with amplified local 
signals related to the high-frequency signals. 

In each of the above radar modules, the planar array 
antenna elements are divided into two groups, the planar 
array antenna elements of one of the two groups and the 
planar array antenna elements of the other of the two groups 
being arranged in an interdigitating pattern and disposed on 
respective linear distal end portions of feeder lines belong- 
ing to the respective groups and extending in opposite 
directions that are 180° apart from each other. 

Alternatively, the planar array antenna elements may be 
divided into two groups, the planar array antenna elements 
of one of the two groups and the planar array antenna 
elements of the other of the two groups being disposed on 
respective linear distal end portions of feeder lines belong- 
ing to the respective groups and extending in opposite 
directions that are 180 apart from each other, and being 
positioned substantially in an end-to-end configuration and 
staggered with respect to each other in a direction across the 
feeder hues. 

The high-frequency signals transmitted to the planar array 
antenna elements comprise frequency-modulated signals, 
the receiving assemblies including mixers for mixing echo 
signals from the planar array antenna elements with the 
frequency-modulated signals to thereby produce beat sig- 
nals. 

The transmitting assemblies include transmission ampli- 
fiers for amplifying the high-frequency signals, and the 
receiving assemblies include reception amplifiers for ampli- 
fying the local signals. A control circuit is provided for 
50 selectively operating the transmission amplifiers and the 
reception amplifiers. 

According to still another aspect of the present invention, 
there is also provided an antenna device comprising a 
dielectric substrate, an array of antenna elements mounted 
on the dielectric substrate, each of the antenna elements 
comprising a plurality of patches interconnected in a direc- 
tion transverse to the array, and a plurality of circulators 
mounted on the dielectric substrate and connected in series 
to the antenna elements, respectively. 

The circulators are arranged in adjacent pairs, the circu- 
lators in each of the pairs being arranged such that DC 
magnetic fields in mutually opposite directions are applied 
to the circulators, respectively, for rotating signals in mutu- 
ally opposite directions in the circulators. 

The antenna device further comprises a scanning control 
circuit for switching the antenna elements in a time-sharing 
fashion. 
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According to still another aspect of the present invention, tive selective reception amplifiers 16a~16p and respective 
there is provided an antenna device comprising a dielectric mixers 17a~17p. The transmitting and receiving channels 
substrate, a primary radiator comprising an array of antenna A~P receive FM (frequency-modulated) signals to be trans- 
elements mounted on the dielectric substrate, each of the mitted which are supplied from an FM signal generator 23 
antenna elements comprising a plurality of patches inter- 5 in the main radar circuit 20 through a microstrip line MS. 
connected in a direction transverse to the array, and a The main radar circuit 20 comprises a CPU (central 
plurality of circulators mounted on the dielectric substrate processing unit) 21, a channel controller 22, an FM signal 
and connected in series to the antenna elements, generator 23, a selector 24, an A/D (analog-to-digital) con - 
respectively, a secondary radiator for reflecting a beam vertcr 25, an FFT (fast Fourier transform) circuit 26, and a 
radiated from the antenna elements, and a holder supporting io memory 27. 

the primary radiator integrally with the secondary radiator, ^ FM fadar module 10 shown m FIG x has me physical 

with the primary radiator being positioned substantially at a stmcture illustrated m FIG . 2 . The dielectric substrate 11, 

focal point of the secondary radiator. which ^ housed m a metaUic casing, is made of highly pure 

The above and other objects, features, and advantages of alumina ceramic having a relative dielectric constant of 9.7, 

the present invention will become apparent from the fol- 15 and supports thereon a plurality of (8 in the illustrated 

lowing description when viewed in conjunction with the embodiment) MMICs (monolithic microwave integrated 

accompanying drawings which illustrate, by way of circuits) 13a~13/i. 

example, preferred embodiments of the present invention. In order for lhe m radar modu i c iq to provide an 

BRIEF DESCRIPTION OF THE DRAWINGS 20 ™ ta ^on «P« for th ^ 16 circulators I4a~14p which are 

relatively large in size, the 16 planar array antenna elements 

FIG. 1 is a block diagram of an FM radar system which 12a~12p and the corresponding transmitting and receiving 

incorporates an FM radar module according to an embodi- channels A~P including the circulators 14a""14p are divided 

ment of the present invention; into two groups. Specifically, the 16 planar array antenna 

FIG. 2 is a plan view of the physical structure of the FM 25 elements 12o"12p are divided into a group of eight planar 

radar module shown in FIG. 1; arrav antenna elements \2a~12h and a group of eight planar 

FIG. 3 is an enlarged plan view of one unit of transmitting arra X "^na elements 12ri2/7. The eight planar array 

and receiving channels of the FM radar module shown in antCDna elements 12a 12h : of one group and the eight planar 

Pjq 2- array antenna elements YliTYlp of the other group are 

' ' A . . , , . . , arranged in interdigitating pattern and disposed on respec- 

nG.4isa^i^wview ofamradar^mwmcb 30 ^ ^ ^ J* ^ of feeder i^ bcl ^ tothe 

incorporates the FM radar module shown in FIG. 1; respe ctive groups and extending in opposite directions that 

FIG. 5 is a diagram showing distances to echo-generating arc 180 o apart from each other ^ planar MTay ^tenna 

objects that are detected by the FM radar system which elements 12a~Uh are arrayed in a direction perpendicular to 

incorporates the FM radar module shown in FIG. 1, together me linear distal end port j ons 0 f tDe feeder lines, 

with a distribution of bearings covered by the FM radar 3* Eacfa of ^ eight umQs 13trm ^ composed of the 

system; transmitting and receiving assemblies of two adjacent trans- 

FIG. 6 is a diagram illustrative of a tilt angle of planar mitting and receiving channels of the 16 transmitting and 

array antenna elements of the FM radar module shown in receiving channels A~P. For example, the MMIC 13a shown 

FIG. 2; and 4Q ^ fig. 3 is composed of the selective transmission amplifier 

FIG. 7 is a plan view of a pattern of planar array antenna 15a, the selective reception amplifier 16a, and the mixer 17a 

elements of an FM radar module according to another which belong to the transmitting and receiving assembly of 

embodiment of the present invention. the transmitting and receiving channel A, and the selective 

tmtta it cn nrcruTDTinM ac -run transmission amplifier 156, the selective reception amplifier 

^™n^S^w?^ 45 16 *> a ° d mixef llb Wmch bel ° D S l ° ^ transmittiD 8 and 

PREFERRED EMBODIMENTS receiving assembly of the transmitting and receiving channel 

FIG. 1 shows in block form an FM radar system which B. 

incorporates an FM radar module according to an embodi- The planar array antenna 12a, which is composed of 

ment of the present invention. rectangular patches Pal, Pa2, of the transmitting and receiv- 

As shown in FIG. 1, the FM radar system generally 50 ing channel A is connected to the linear distal end portion of 

comprises an FM radar module 10 and a main radar circuit a feeder line FLa, whose proximal end portion is divided 

20. The FM radar system is preferably installed on a motor into a transmission end portion TXOUT and a reception end 

vehicle (not shown). portion RXIN by the circulator 14a. The rectangular patches 

The FM radar module 10 comprises a dielectric substrate Pal, Pa2 are spaced a certain distance along the linear distal 

11 having an antenna assembly 12 mounted thereon. The 55 end portion of the feeder line FLa. The transmission end 

antenna assembly 12 comprises a plurality (16 in the illus- portion TXOUT separated by the circulator 14a is connected 

trated embodiment) of transmitting and receiving channels through the selective transmission amplifier 15a to an input 

A 18 P disposed on the dielectric substrate 11. The transmit- terminal TX1N of the MMIC 13a for receiving an FM signal 

ting and receiving channels A"P comprise respective small- from the FM signal generator 23. The reception end portion 

size planar array antenna elements Ua"12p and respective 60 RXIN separated by the circulator 14a is connected to an 

transmitting and receiving assemblies. The small-size planar input terminal, i.e., a received signal input terminal, of the 

array antenna elements \2a~\2p are shared by the transmit- mixer 17a. The other input terminal, i.e., a local oscillator 

ting and receiving assemblies through respective circulators input terminal, of the mixer 17a is selectively supplied with 

14a~14p which are connected in series with the planar array an FM signal from the input terminal TXJN through the 

antenna elements l2a'V2p t respectively. The transmitting 65 selective reception amplifier 16a. 

assemblies include respective selective transmission ampli- Similarly, the planar array antenna 126, which is com- 

fiers 15a~15/?, and the receiving assemblies include respec- posed of rectangular patches Pbl, Pb2, of the transmitting 
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and receiving channel B is connected to the linear distal end they are so shown for illustrative purpose only and are 
portion of a feeder line FLb, whose proximal end portion is actually of the same thickness. The length of the feeder line 
divided into a transmission end portion TXOUT and a portion that interconnects the two patches of each of the 
reception end portion RXIN by the circulator 146. The eight planar array antenna elements of one group is sub- 
transmission end portion TXOUT separated by the circulator 5 stantially a half wavelength different from the length of the 
146 is connected through the selective transmission ampli- feeder line portion that interconnects the two patches of each 
fier 15b to the input terminal TXIN of the MMIC 13a for of the eight planar array antenna elements of the other group 
receiving an FM signal from the FM signal generator 23. so that the electromagnetic waves will be radiated from the 
The reception end portion RXIN separated by the circulator planar array antenna elements of the two groups at the same 
146 is connected to an input terminal of the mixer 17b. The angle toward the secondary radiator, 
other input terminal of the mixer 17b is selectively supplied as shown in FIG. 4, since each of the planar array antenna 
with an FM signal from the input terminal TXIN through the elements 12a~12p radiates the electromagnetic wave at a tilt 
selective reception amplifier 166. angle> ^ described above, the FM radar module 10 which is 

The selective transmission amplifiers 15a, 156 and the large m ^ae, wnen compared with the primary radiator, is 

selective transmission amplifiers 16a, 166 of the transmit- effectively prevented from interfering with the electromag- 

ting ;and receiving ^channels are composed mainly of Qetic waves radialed from the seC ondary radiator 30. 

high-frequency FETs (field-effect transistors) T^ese four Accorfin 1Vj ^ FM radar module 10 that includes the 

selective amplifiers 15a, 156, 16a, 166 intermittently ^ n ^ ^ radiator caQ be 

amplify supplied input signals in response to respective . . ' second „ v radialor 30 With this 

intermittent drain voltages Vdl~Vd4 selectively supplied ll0ned Dear * ™ * , „ , 7 I 

from the channel controller 22 of the main radar circuit 20. 20 ^^ Q \ ihe FM radar ™ dule ^ 15 allowed to be of an 

The four selective amplifiers 15a, 156, 16a, 166 are also ^MjC-based structure which is made up of the MMICs 

supplied with a constant gate voltage Vg. 13/1 composed of the transmitting and receiving assem- 

DC magnetic fields in mutually opposite directions are ^ es and the anlenna assemblv 12 OD the dieleclric substrate 

applied to the circulators 14a, 146, respectively, for rotating . 

signals in mutually opposite directions in the circulators 25 Referring back to FIG. 1, the FM millimeter- wave signals 

14a, 146. The application of DC magnetic fields in mutually supplied from the FM signal generator 23 are selectively 

opposite directions to the circulators 14a, 146 is effective to amplified only in given periods successively by the respec- 

cancel those DC magnetic fields and prevent a DC magnetic tive selective transmission amplifiers 15a~15p in the respec- 

field from being generated. tive transmitting and receiving channels A~P according to 

FIG. 4 illustrates in perspective an FM radar system 30 channel control signals supplied from the channel controller 
which incorporates the FM radar module 10 shown in FIG. 22. Each of the selective transmission amplifiers 15a~15p 
1. As shown in FIG. 4, the FM radar module 10 is housed comprises two cascaded FETs and switching transistors for 
in a metallic holder 40 and integrally combined with a intermittently supplying an operating drain voltage to the 
secondary radiator 30 by the metallic holder 40, with the FETs according to the channel control signal, and selectively 
antenna assembly 12 serving as a primary radiator. The 35 amplifies the FM millimeter-wave signal only in a period in 
secondary radiator 30 has a parabolic reflecting surface 30a, which operating electric energy is supplied thereto, 
and the antenna assembly 12 composed of the 16 planar More specifically, unless a drain voltage is supplied, each 
array antenna elements 12a~12p is positioned in the vicinity of the selective transmission amplifiers 15a~15p imparts a 
of the focal point of the parabolic reflecting surface 30a. FM large insertion loss to the FM millimeter- wave signal pass- 
signals in a millimeter wavelength range which are radiated 40 ing therethrough, virtually separating the FM signal genera- 
from the respective planar array antenna elements Ma'Ylp tor 23 and the corresponding one of the circulators 14a~14p. 
are reflected by the parabolic reflecting surface 30a and Therefore, each of the selective transmission amplifiers 
radiated at respective different angles or bearings in a 15a~15p functions as a switch having such a gain for 
horizontal direction forwardly of the secondary radiator 30. selectively connecting the FM signal generator 23 to and 
The primary radiator composed of the antenna assembly 12 45 disconnecting the FM signal generator 23 from the corre- 
and the secondary radiator 30 jointly make up an offset sponding one of the circulators 14a~14p. The FM 
multiple-beam parabolic antenna. millimeter- wave signals amplified by the respective selec- 

In each of the planar array antenna elements 12a~12p, the tive transmission amplifiers 15a~15p are supplied through 

two rectangular patches are spaced a certain distance from the respective circulators 14a~~14p to the respective planar 

each other along the linear distal end portion of the feeder 50 array antenna elements 12a~12p, which then radiate the FM 

line. Electromagnetic waves are radiated at a certain tilt millimeter-wave signals as electromagnetic waves away 

angle from the respective planar array antenna elements from the dielectric substrate 11 toward the secondary radia- 

12a~12p. Specifically, as shown in FIG. 6, the direction tor 30 (see FIG. 4). The radiated electromagnetic waves are 

(indicated by the solid fines) in which the electromagnetic reflected by the parabolic reflecting surface 30a of the 

waves are radiated from the respective patches is inclined at 55 secondary radiator 30 out of the motor vehicle on which the 

a tilt angle relative to a line (indicated as the dot-and-dash FM radar system is installed. 

line) normal to the dielectric substrate 11 such that Some of the FM millimeter- wave signals radiated as 

equiphase surfaces (indicated by the dotted lines) of the electromagnetic waves out of the motor vehicle are reflected 

electromagnetic waves radiated from the respective patches by objects, travel back to and are received by the planar 

lie perpendicularly to the direction in which they are radi- 60 array antenna elements 12a~12p. The reflected electromag- 

ated from the respective patches. The equiphase surfaces of netic waves which are received by the planar array antenna 

the radiated electromagnetic waves are determined by a elements 12a~\2p are separated as FM echo signals from the 

delay time which is caused when the signals are propagated transmitting channels by the circulators 14a~14p, respec- 

through the feeder lines and the electromagnetic waves are tively. The separated FM echo signals are supplied to the 

propagated through the air. 65 respective received signal input terminals of the mixers 

While the patches are shown thicker than the feeder line lla~llp. The other local oscillator input terminals of the 

in FIG. 6 for distinguishing the patches from the feeder line, mixers 17a~17p are supplied with amplified FM millimeter- 
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wave signals from the selective reception amplifiers 
16(Tl6p which successively amplify FM millimeter-wave 
signals intermittently only in given periods according to 
channel control signals supplied from the channel controller 
22. The selective reception amplifiers I6a~16p function as 
respective switches as was the case with the selective 
transmission amplifiers I5a"l5p. 

Beat signals outputted from respective output terminals of 
the mixers 17a~17p are transmitted through output terminals 



beam parabolic antenna for wide scanning angular range and 
high bearing resolution. 

Since the planar array antenna elements are combined 
with the circulators so as to be shared by the transmitting and 
receiving assemblies, the various components of the antenna 
assembly 12 are mounted in a high-density configuration. 
Specifically, the selective transmission and reception ampli- 
fiers and the mixers in the form of MMICs are mounted on 
the single dielectric substrate, making up the antenna assem- 



BTa, BTb to the selector 24. In the selector 24, the beat 10 bly 12 serving as the primary radiator. An FM radar system 

signals are amplified by respective amplifiers 2Aa~2Ab of the scanning type which incorporates the antenna assem- 

whose amplification factor varies depending on the fre- bly 12 is of a high-density structure, a small size, a low cost, 

quency. The amplifiers 24a~24b are selected in a time- and high resolution, suitable for use on motor vehicles. The 

sharing fashion by the channel controller 22 to supply the FM radar system can be used in a wide range of motor 

amplified beat signals through a coaxial cable to the A/D 15 vehicle applications including an active cruise control 



20 



25 



30 



converter 25, which converts the beat signals into digital 
beat signals. The digital beat signals are then supplied to the 
FFT circuit 26, and converted thereby into a firequency 
spectrum that is then supplied to the CPU 21. 

The CPU 21 analyzes the frequency spectrum of the 
received FM echo signals supplied from the FFT circuit 26, 
and calculates distances to the objects which have produced 
the FM echo signals in the respective transmitting and 
receiving channels and hence at respective bearings. 
Typically, the CPU 21 generates a two-dimensional map of 
obstacles to the motor vehicle as shown in FIG. 5. 

FIG. 7 shows in plan a pattern of planar array antenna 
elements of an FM radar module according to another 
embodiment of the present invention. In the embodiment 
shown in FIG. 7, eight planar array antenna elements 
XlcTVLh are divided into a group of four planar array 
antenna elements 12a~12d and a group of four planar array 
antenna elements 12e~12/i. The four planar array antenna 
elements 12a"12d of one group and the four planar array 
antenna elements 12£~12/i of the other group are disposed on 
respective linear distal end portions of feeder lines belong- 
ing to the respective groups and extending in opposite 
directions that are 180° apart from each other. The four 
planar array antenna elements \2a~12d and the four planar 
array antenna elements \2e~\2h are positioned substantially 
in an end-to-end configuration, but are staggered with 
respect to each other in a direction across the feeder lines, 
i.e., are held out of alignment with each other in a direction 
along the feeder lines. This arrangement permits the planar 
array antenna elements to be transversely spaced at rela- 
tively small intervals for small antenna size and high bearing 
resolution. 

The present invention has been described above as being 
embodied as an FM radar module. However, the principles 50 
of the present invention are also applicable to any of various 
other radar modules including an AM radar module, a pulse 
radar module, etc. Rather than employing the FM signal 



system, a collision prevention system, etc. 

Although certain preferred embodiments of the present 
invention have been shown and described in detail, it should 
be understood that various changes and modifications may 
be made therein without departing from the scope of the 
appended claims. 
What is claimed is: 

1. An antenna device comprising: 
a parabolic secondary reflector having a focal point; 
a single dielectric substrate, said single dielectric sub- 
strate defining a plane; 

an array of antenna elements mounted on said single 
dielectric substrate substantially at said focal point of 
said parabolic secondary reflector, each of said antenna 
elements comprising a plurality of patches intercon- 
nected in a direction transverse to said array; and 
a scanning control circuit for selecting the antenna ele- 
ments in a time-sharing fashion wherein each antenna 
35 element radiates a beam towards the parabolic second- 
ary reflector at a predetermined angle to said plane 
when selected by said scanning control circuit, and 
wherein the beam is reflected by said parabolic sec- 
ondary reflector as a scanning beam such that as said 
40 scanning control circuit selects said antenna elements 
in said time -sharing fashion said scanning beam scans 
across said plane. 

2. The antenna device of claim 1 wherein said scanning 
control circuit includes a plurality of field effect transistors 

45 for selecting said antenna elements in said time-sharing 
fashion. 

3. The antenna device of claim 1 further comprising a 
plurality of circulators mounted on said dielectric substrate 
and connected in series to said antenna elements, respec- 
tively wherein said circulators arc arranged in pairs of 
adjacent circulators, said circulators in each of the pairs 
being arranged such that DC magnetic fields in mutually 
opposite directions are applied to the circulators, 
respectively, for rotating signals in mutually opposite direc- 



generator 23 in the main radar circuit 20, a voltage- 
controlled oscillator of 60 GHz may be mounted in the form 55 n ^Tin the rirculTtors 
of an MMIC on the dielectric substrate 11, or included in 4 ^ amenQa dcvfce CQm ^ 
each of the MMICs 13a 13A on the dielectric substrate 11 
for lower cost and smaller size. 

The FM radar module according to the present invention 
offers the following various advantages: Since the plurality 60 
of small-size planar array antenna elements are arrayed so as 
to be shared by the transmitting and receiving assemblies 
through the circulators, the number of planar array antenna 
elements may be increased in a limited installation space, 
making it possible to scan a relatively large angular range 65 
with a scanning beam. The planar array antenna elements 
serve as a primary radiator in an offset defocused multiple- 



a secondary radiator; 

a single dielectric substrate, said single dielectric sub- 
strate defining a plane; 
an array of antenna elements mounted on said single 
dielectric substrate, each of said antenna elements 
comprising at least one patch arranged transverse to 
said array; and 

a scanning control circuit for selecting the antenna ele- 
ments in a time-sharing fashion wherein each antenna 
element radiates a beam towards the secondary radiator 
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at a predetermined angle to said plane when selected by 
said scanning control circuit, and wherein the beam is 
radiated by said secondary radiator as a scanning beam 
such that as said scanning control circuit selects said 
antenna elements in said time-sharing fashion said 5 
scanning beam scans across said plane. 
5. The antenna device of claim 4 wherein said scanning 
control circuit includes a plurality of field effect transistors 
for selecting said antenna elements in said time-sharing 
fashion. 



6. The antenna device of claim 4 further comprising a 
plurality of circulators mounted on said dielectric substrate 
and connected in series to said antenna elements, respec- 
tively wherein said circulators are arranged in pairs of 
adjacent circulators, said circulators in each of the pairs 
being arranged such that DC magnetic fields in mutually 
opposite directions are applied to the circulators, 
respectively, for rotating signals in mutually opposite direc- 
tions in the circulators. 
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